This article assesses US government funding in 5 domains critical to strengthening health security: biodefense programs, radiological and nuclear programs, chemical programs, pandemic influenza and emerging infectious disease programs, and multiple-hazard and preparedness programs. This year's article also highlights the emergency funding appropriated in FY2015 to enable the international and domestic response to the Ebola outbreak in West Africa.
T his article continues a series of articles analyzing US government funding for health security. It examines proposed funding in the President's budget for FY2016 and provides updated amounts for estimated funds in FY2015 and actual funding for FY2010 through FY2014.
First published in 2004, this series began by cataloging and analyzing funding for civilian biodefense programs in the federal government. The series, then titled ''Billions for Biodefense,'' [1] [2] [3] [4] [5] [6] and subsequently ''Federal Funding for Biodefense,'' 7-10 was a yearly analysis of agency budgets presented together as a representation of the federal biodefense enterprise. In 2012, the UPMC Center for Health Security conducted a complementary analysis that tracked funding for programs dedicated to consequence management of radiological and nuclear terrorism. 11 Last year, we expanded the focus of the article from biodefense to health security in order to capture the broad array of work in preparedness and response going on at the federal level. 12 The Department of Health and Human Services (HHS) National Health Security Strategy defines national health security as ''a state in which the Nation and its people are prepared for, protected from, and resilient in the face of health threats. .'' 13(p3), 14 This article assesses US government funding in 5 domains critical to strengthening health security:
Biodefense programs: federal programs focused on prevention, preparedness, and response to attacks on civilians with biological agents and accidental releases of biological material; Radiological and nuclear programs: federal programs focused on prevention, preparedness, and consequence management of radiological and nuclear terrorism and large-scale radiological accidents; Chemical programs: federal programs focused on prevention, preparedness, and response to large-scale acute chemical exposures of civilian populations, both intentional and accidental; Pandemic influenza and emerging infectious disease programs: federal programs focused on preparedness and response to large, naturally occurring, and potentially destabilizing epidemics; and Multiple-hazard and preparedness programs: federal programs focused on multiple hazards or on building infrastructure and capacity to respond to large-scale health threats. This year's article also highlights the emergency funding appropriated in FY2015 to enable the international and domestic response to the Ebola outbreak in West Africa.
funding for health security into categories based on the major focus of the program being included. Choices regarding how an individual program is categorized can be difficult because of the limited amount of publicly available information describing the programs or identifying program-level funding amounts.
Efforts were made to obtain funding information down to the program level in order to be as accurate as possible. However, in some cases, funding for specific programs could not be separated from larger line items, and so those line items were either included in their entirety or were included in the ''multiple-hazard and preparedness'' section of this analysis.
We recognize that this is not a perfect accounting of all of the federal work being done in health security. Analysis of agency budgets and programs included in previous years resulted in a number of program additions and a few changes in the categorization of programs. As a result, funding totals for different areas of health security and agencies included may be difficult to compare with previous years' articles. Funding comparisons can be made between fiscal years in this article.
Funding was analyzed from FY2010 through proposed funding for FY2016, using information from FY2016 federal agency budget materials as well as budget documents from prior years. Sources for this analysis include federal agency ''Budgets in Brief,'' agency budget justifications, and personal contacts with agency representatives to obtain and track program funding. For the purpose of this analysis, programs were broken into categories based on whether they were focused on biodefense, chemical hazards, radiological/nuclear hazards, pandemic influenza and emerging infectious diseases, or multiple-hazard and general preparedness. Programs were categorized based on their major focus, as described in budget documents or on program websites. Summary tables for program funding in each category are provided in this article, while more detailed tables are available online (see supplementary material at http://online.liebertpub.com/loi/HS).
Programs supporting prevention, preparedness, and response, as well as related research efforts, were prioritized for inclusion in this analysis of federal health security budgets. Research programs were included if they support either medical countermeasures (MCM) research and development (R&D) or threat/risk characterization efforts. Prevention programs were included if they are explicitly intended to prevent large-scale accidents or terrorist attacks with chemical, biological, or radiological agents. Finally, federal emergency preparedness and response programs that play a role in protecting the health of US citizens in largescale health emergencies were included.
Programs were excluded from this analysis if their focus is on routine provision of health care, on occupational health and safety, or on warfare between nation states (ie, state-level nonproliferation programs). Programs focused on protecting the warfighter, with no stated civilian applications now or in the future, were also excluded. Specific inclusion and exclusion criteria and methods used for each category are detailed in each section.
Biodefense Program Funding
This section focuses on funding for federal programs aimed at prevention, preparedness, response, recovery, and mitigation of deliberate biological threats against the US civilian population and of accidental releases of biological threat agents from a laboratory. In total, the President's proposed budget includes $1.37 billion in FY2016 for programs solely devoted to civilian biodefense. The FY2016 proposed budget would represent a decrease of $304.2 million from estimated biodefense appropriations in FY2015 (see Table 1 ).
In FY2016, $264.6 million is budgeted for DTRA's Cooperative Biological Engagement (CBE) program, which aims to prevent proliferation of biological weapons material and expertise, improve laboratory safety, and build public health capacity internationally in order to lower the threat of a biological weapons attack in the US. 15 This program is included because its threat reduction and surveillance mission reduces the potential for domestic bioterrorism.
DARPA Biodefense Research, Development, Testing, and Evaluation (RDT&E) programs with civilian applications total $176.5 million, an increase of $17.4 million over FY2015. 16 DARPA programs focus on cutting-edge science and technology to protect the warfighter and civilians from biological threats. Only programs with stated or clear potential applications to protect and benefit civilians and homeland defense have been included in this total.
The Chemical and Biological Defense Program budget for civilian-applicable programs includes a number of research initiatives ranging from applied research to technology transition. In total, $395.9 million in funding has been budgeted for CBDP biodefense programs with civilian applications. This represents a proposed reduction of $33.1 million in civilian biodefense funding from FY2015 levels. 17 The Biological Defense Directorate at the Naval Medical Research Center has been included under the Defense Health Program RDT&E and would receive a proposed $4.0 million in FY2016. 18 
Department of Homeland Security
The FY2016 Department of Homeland Security (DHS) budget proposes $255.4 million in civilian biodefense program funding in the Office of Health Affairs (OHA) and the Science and Technology Directorate (S&T), a decrease of more than 50% from FY2015 funding levels. This reduction in funding is largely due to the $300 million in one-time construction funding provided for the new National Bio and Agro-Defense Facility (NBAF) in FY2015. In OHA, the BioWatch program would be funded at $83.3 million, and the National Biosurveillance Integration Center (NBIC) would be funded at $8.0 million in FY2016. In S&T, bioagent detection, threat assessment, and attack resiliency programs and funding for laboratory facilities, including the National Biodefense Analysis and Countermeasures Center (NBACC), NBAF, and the Plum Island Animal Disease Center (PIADC), total $164.1 million.
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Department of Health and Human Services In FY2016, the proposed HHS budget specific to civilian biodefense programs would remain flat at $266.7 million. All biodefense programs with FY2016 funding are located in the FDA's bioterrorism portfolio, including Food Defense ($217.5 million), the Advancing Medical Countermeasures Initiative (MCMi) ($24.5 million), Physical Security ($7.0 million), and operationalizing the Life Sciences and Biodefense 
Radiological/Nuclear Program Funding
This section provides funding amounts for federal programs focused on prevention, preparedness, and consequence management of terrorist and accidental radiological and nuclear incidents. In total, the proposed federal budget for radiological and nuclear programs is $2.6 billion for FY2016. This represents a return to FY2012 funding levels after funding for radiological and nuclear-specific programs was significantly reduced from FY2013-FY2015 (see Table 2 ).
Methods
Programs included in this section are solely or primarily focused on radiological/nuclear hazards as described in budget documents or on program websites. Previous analyses by Sell and Franco 11 and Schwartz and Choubey, 25 as well as searches of agency budgets, were used to help identify programs for inclusion. Programs included in this analysis are focused on domestic preparedness and response, international threat reduction, non-state nonproliferation, and counterterrorism activities. Programs that are solely related to US nuclear weapons stockpile stewardship, state-level nonproliferation, and missile defense were excluded from the analysis.
Funding by Federal Agency

Department of Energy
Programs included in this analysis from the Department of Energy (DOE) are contained in the National Nuclear Security Administration (NNSA). Under the proposed FY2016 budget, counterterrorism activities, such as Nuclear Counterterrorism Incident Response and Counterterrorism and Counterproliferation programs, previously included in the Weapons Activities appropriation, would be shifted to Defense Nuclear Nonproliferation. Activities in Defense Nuclear Nonproliferation have also been reorganized and now are represented by a total of 6 programs. 26 The Global Material Security program is budgeted to receive $426.8 million in FY2016. This program works with partner countries to secure nuclear weapon stockpiles, protect nuclear and radiological materials, and improve abilities to combat trafficking of these materials. The Material Management and Minimization program has a proposed budget of $311.6 million. The goal of this program is to minimize, eliminate, or improve management of nuclear materials. The Nonproliferation and Arms Control program, which would receive $126.7 million in FY2016, works to strengthen nonproliferation and arms control regimes to reduce proliferation and the potential for nuclear terrorism. Nonproliferation Construction, which has a budget of $345.0 million, was included in this analysis based on that program's work to dispose of weapons-grade plutonium. Finally, Nuclear Counterterrorism and Incident Response, which includes activities formerly under the Counterterrorism and Counterproliferation program, provides emergency response support and rapid response teams for nuclear or radiological incidents or accidents and has an FY2016 budget of $234.4 million.
The only program to carry over from the FY2015 budget is Defense Nuclear Nonproliferation R&D, at $419.3 million. This program works to reduce global nuclear security threats through technology that can detect, identify, and characterize foreign nuclear weapons programs, diversion of nuclear materials, and global nuclear detonations. Total funding for these programs is $1.86 billion, a significant increase from FY2015 funding levels. However, it should be noted that this year's analysis includes some activities that were previously budgeted under Fissile Materials Disposition and were not included under previous fiscal years in this article. 26 
Department of Homeland Security
Proposed funding for civilian radiological and nuclear programs under DHS totals $400.7 million for FY2016, an increase of $55 million over estimated FY2015 funds. The DHS Domestic Nuclear Detection Office (DNDO), which protects against radiological and nuclear attacks directed against the US or its interests, accounts for the bulk of the budget in DHS for nuclear/radiological hazards. The proposed FY2016 budget would increase funding to DNDO by $52.9 million, for a total of $357.3 million.
Additionally, the Federal Emergency Management Agency (FEMA) Radiological Emergency Preparedness Program (REPP), which informs and educates the public about radiological emergency preparedness, would be increased by $1.9 million to $39.9 million. The S&T Directorate includes an Explosive and Rad/Nuc Attack Resiliency focus area, which develops planning and funds exercises to prepare for rad/nuc attack scenarios and would be funded at $3.5 million for FY2016. 19, 20 BODDIE ET AL. Department of Defense Total proposed funding for civilian-applicable radiological and nuclear program funding in the DoD would amount to $192.0 million. Although many additional programs in DoD have radiological or nuclear defense in their mission, a large number were excluded from the analysis because of their primary focus on warfighters or joint CBRNE defense mission (the programs with a joint CBRNE defense mission are listed instead among the ''multiple-hazard and preparedness'' programs). The Global Nuclear Security program, which works to secure nuclear weapons and materials, under the DTRA Cooperative Threat Reduction program would receive essentially flat funding at $20.6 million. 15 Also in DTRA, programs have been included from Research Development Testing and Evaluation (RDT&E), which focus on radiological/nuclear detection, forensics, effects, and survivability. These programs have been rolled up under the headings of WMD Defeat Technologies ($89.0 million), Counterproliferation Initiatives-Proliferation, Prevention, and Defeat ($74.5 million), and WMD Defeat Capabilities ($7.1 million). Overall, these programs show a slight increase in funding under the proposed FY2016 budget. 27 Expanded spreadsheets detailing the individual programs in DTRA are available online (http://online.liebertpub.com/ loi/HS). Finally, the Radiation Countermeasures program in the Defense Health Program is budgeted at $0.8 million for FY2016, steady from FY2015. 18 
Department of State
The Department of State has a number of nuclear-related programs. However, many were excluded because of their emphasis on nonproliferation at the nation-state level. Although the mission of several other programs likely fit inclusion criteria for radiological and nuclear programs, they were difficult to separate from larger line items that focused on WMD defense. As a result, many programs in the State Department that contribute to nuclear defense are included under WMD focused line items in the ''multiple-hazard and general preparedness'' section of this analysis. However, contributions to the International Atomic Energy Agency (IAEA) were included in the radiological/nuclear analysis because of that agency's work to prevent nuclear terrorism. The proposed IAEA contribution of $88.0 million is similar to previous years' amounts.
28
Environmental Protection Agency (EPA) In the EPA, 2 programs have been selected for inclusion in this analysis, totaling $21.3 million: Radiation Protection ($13.9 million), which provides site characterization for areas of suspected radioactive contamination, and Radiation Response Preparedness ($7.4 million), which generates policy guidance and procedures for EPA's emergency response (including radiological antiterrorism activities). These programs would both see increases in funding in the proposed FY2016 budget. 
Department of Health and Human Services
Funding for programs that are solely or primarily devoted to radiological/nuclear hazards was not readily available through the HHS budget materials. Thus, specific rad/nuc program funding in HHS is not listed in this section of the analysis and is instead accounted for in the ''multiplehazards and general preparedness'' section.
Chemical Program Funding
The federal government supports a range of programs intended to prevent, prepare for, and respond to acute, potentially harmful chemical exposures. Such exposures may result from either a deliberate release of a chemical weapon or a release of a toxic industrial chemical. In FY2016, the President's budget includes $423.4 million for chemical defense programs (see Table 3 ).
Methods
Federal chemical defense programs were included in this section if they explicitly support basic research, prevention, and response capabilities for large-scale civilian exposures to either chemical weapons or toxic industrial chemicals. Research and development activities undertaken by the DoD were included because of their potential application to future civilian chemical defense capabilities. Programs were excluded if they focused primarily on environmental health or did not focus on preventing or responding to large-scale chemical releases. 
Funding by Federal Agency
28
Department of Health and Human Services In FY2016, the CDC's chemical laboratories program will provide $11.8 million to enhance laboratory preparedness for chemical threats, in line with recent years. 34 The NIH's CounterACT program supports basic research into the pathology and treatment of toxic chemical exposures. Because the NIH combines the research funding for radiological, nuclear, and chemical countermeasures (see the ''multiplehazard and preparedness'' section), 35 it is not possible to accurately estimate the total budget for CounterACT. However, a newly available budget portal allows an accounting of the extramural funding provided to CounterACT researchers. If funding trends continue, in FY2016, NIH will provide roughly $35 million to CounterACT Centers of Excellence and individual investigators. 36 
Pandemic Influenza and Emerging Infectious Disease Program Funding
This section focuses on funding for federal programs aimed at prevention, preparedness, response, recovery, and mitigation of pandemic influenza and emerging infectious diseases with destabilizing potential. In total, the pandemic and emerging infectious diseases funding budget for FY2016 is $1.2 billion, an increase of almost $200 million from FY2015. The increase in funding would result primarily from funding boosts to programs in HHS (see Table 4 ).
FEDERAL FUNDING FOR HEALTH SECURITY IN FY2016
Methods
The scope of the analysis was limited to pandemic influenza preparedness and response programs, programs focused on newly emerging infectious diseases with potentially destabilizing effects (such as dengue fever), and antimicrobial resistance. This analysis used the NIH definition of emerging disease: ''Emerging diseases include outbreaks of previously unknown diseases or known diseases whose incidence in humans has significantly increased in the past two decades.'' 37 This analysis did not include programs focused on established diseases such as HIV, tuberculosis, and malaria (which have their own dedicated funding streams) or chronic diseases. Yearly funding for emerging infectious diseases, including Ebola research, is captured in this section of the analysis. However, special one-time funding for Ebola response has been separated into its own analysis.
Funding by Federal Agency
Department of Health and Human Services HHS funds the majority of programs dedicated to pandemic influenza and emerging infectious diseases. In FY2016, proposed HHS funding totals $1.14 billion, a significant increase from estimated FY2015 funding of $959.7 million.
At CDC, the Core Infectious Disease program in the National Center for Emerging and Zoonotic Infectious Diseases is budgeted at $275.6 million for FY2016, an increase in funding of $25.9 million from FY2015. This program includes efforts to protect against antimicrobial resistance, high-consequence pathogens, vector-borne diseases, and other threats. The CDC Global Public Health Protection program, which includes the Global Disease Detection and Emergency Response program and the Global Health Security Agenda, would also see an increase in funding of $21.6 million to $76.7 million. Most other programs in CDC, such as Influenza Planning and Response ($187.6 million), Advanced Molecular Detection and Response to Infectious Disease Outbreaks ($30 million), and Quarantine ($31.6 million), would remain at steady funding under the President's proposed FY2016 budget.
Notably this year, the NIH has a new website that provides detailed information on estimates of funding for various Research Condition and Disease Categories (RCDC), which breaks down funding categorically, including for biodefense and influenza. Because of this high level of transparency by NIH, this year's article now includes funding for influenza research ($284.0 million), which would be an increase of $21 million above FY2015 levels. 38 The FY2016 FDA budget includes $40 million in funding for pandemic influenza (an increase of $1.7 million) and $47.3 million for antimicrobial resistance (an increase of $14.8 million). 23 The FY2016 proposed budget for Pandemic Influenza funding in ASPR would be $166.0 million, an increase of nearly $100 million over FY2015 estimated funding. 
FEDERAL FUNDING FOR HEALTH SECURITY IN FY2016
Multiple-Hazard and Preparedness Program Funding
This section is focused on federal programs aimed at prevention, preparedness, response, recovery, and mitigation of multiple hazards and programs that aim to build preparedness and response systems for large-scale health events. Total proposed funding for multiple-hazard and preparedness programs would amount to $8.1 billion in FY2016. Compared with estimated funding for FY2015, proposed funding for multiple-hazard and preparedness programs would be increased by $750 million. This increase is largely because of proposed funding increases in HHS. Other agencies would see slight increases or remain relatively flat (see Table 5 ).
Methods
Programs included in this section have a multiple-hazard focus, have general preparedness and response goals, and/or are targeted at building infrastructure and capacity to respond to large-scale domestic health threats of many types and causes. These programs protect against one or more hazards beyond biological, radiological/nuclear, chemical, or pandemic and emerging infectious disease hazards alone. Examples of programs that are included in this section are programs aimed at a combination of CBRN threats or WMD preparedness and response; programs aimed at building public health, medical, or emergency management capacity to respond to large-scale health emergencies; and basic infectious disease research programs, the results of which may have implications for a multitude of emerging infectious diseases.
Funding by Federal Agency
Department of Health and Human Services Total HHS funding budgeted for multiple-hazard and preparedness programs in FY2016 is $ 4.96 billion. The largest portion of multiple-hazard and preparedness funding in HHS is provided for Biodefense and Emerging Infectious Disease Research ($1.85 billion) in the NIH. 35 This program was included in the multiple-hazard section because of its dual focus on biodefense and emerging infections. In this year's analysis, NIH funding information was available for both intramural and extramural funding for this program. In past years, only extramural funding totals have been available. This year's analysis provides a more accurate picture of the funding totals for this program ($1.46 billion for extramural research, and $492 million for intramural research and other costs for the program). 38 CDC programs also represent a large proportion of HHS funding in this section. Programs include State and Local Preparedness and Response Capability ($643.6 million), which includes the Public Health Emergency Preparedness (PHEP) grants; the CDC Preparedness and Response Capability ($167.2 million); and the Strategic National Stockpile ($571.0 million). 35 After remaining at $661.0 million for FY2014 and FY2015, the State and Local Preparedness and Response Capability would be reduced by $17.4 million in FY2016. From the program's peak funding level in FY2002 to the estimated level for FY2015, this program has seen nearly a 30% reduction in funding, a trend that would continue into FY2016. 7, 34 The CDC Preparedness and Response Capability, which includes the BioSense program, would receive an increase of $10 million, and the SNS program, which stockpiles MCMs For BARDA in FY2015, $58 million has been subtracted and included instead in the Ebola emergency funding account in Table 6 . This proposed fund is intended for rapid response to public health emergencies. It would be used at the discretion of the secretary and would be available until expended.
against CBRN threats, would increase by $36.7 million in FY2016.
Multiple-hazard and preparedness funding in ASPR would see a significant increase under the proposed FY2016 budget. This is primarily because of an increase of $371.4 million in funds provided for Project Bioshield, for a total of $626.4 million. Although Project Bioshield largely supports the procurement of MCMs against biological threats, it has been included here because of its stated mission to support the procurement of MCMs against CBRN threats. ASPR's BARDA, which would also receive a sizable increase in funding to $521.7 million from $415 million in FY2015, is also included in the multiple-hazard analysis because its mission includes support for development of MCMs to protect the nation from a broad range of threats. The Hospital Preparedness Program (HPP) is another notable program contained in ASPR, and it would be funded at $254.6 million, the same level as in FY2015. Similar to State and Local Preparedness and Response Capability at CDC, the HPP has seen significant cuts in the past decade and been reduced by 50% since FY2004. 39 
Department of Homeland Security
The DHS budget for FY2016 would dedicate $1.73 billion in funding for programs focused on multiple hazards and preparedness. In DHS, the largest proportion of funding would be allocated to State and Local Programs ($1. 
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Department of Defense Multiple-hazard and preparedness programs in the DoD include those that support WMD, CBRNE, and emerging infectious diseases prevention, preparedness, and response. The Army National Guard CBRNE Enterprise, which includes WMD civil support teams that support first responders with identification, assessment, and advice in the event of a domestic CBRNE incident, and CBRNE capabilities to support the teams, would receive $167.7 million under the proposed FY2016 budget. 40 DTRA's multiple-hazard and preparedness programs include the Cooperative Threat Reduction (CTR) program, which works to reduce WMD proliferation from the former Soviet Union and other regions; 15 International Counterproliferation programs; and WMD-focused research. 28 In total, these programs would receive $267. National Science Foundation Two programs in NSF Homeland Security activities have been included in this section of the analysis. These programs are Counterterrorism ($27 million) and Emergency Planning and Response ($50.3 million). Both of these programs would maintain steady funding from FY2015. 24 
Department of Commerce
Multiple-hazard and preparedness programs in the Department of Commerce are located in the Bureau of Industry and Security (BIS) Export Administration. Proposed funding for these programs in FY2016 would total $58.8 million. Together, the 2 laws provided a total of $5.5 billion in emergency appropriations for Ebola.
PL 113-164 provided $58.0 million for BARDA and $30.0 million for Global Health Ebola Funding in CDC, for a total of $88 million. 47 The second appropriation (PL 113-235) was much larger, totaling $5.4 billion. In this appropriation, DoD received $112 million in funding for DTRA and DARPA to support research and development of Ebola vaccines and therapeutics and response to the epidemic, and for DoD procurement of necessary equipment for the response. HHS received $2.8 billion, with $890 million appropriated to ASPR for Ebola MCM development, $1.8 billion to the CDC for both domestic and international responses, $238 million to NIAID in NIH for Ebola research, and $25 million to FDA for regulatory action surrounding Ebola MCMs and clinical trials. 39, 47 The State Department and USAID received $2.6 billion for international response coordination, diplomacy, and disaster assistance activities (see Table 6 ). 47 
Conclusions
Federal funding for health security includes programs dedicated to civilian biological, radiological and nuclear, chemical, pandemic influenza and emerging infectious disease, and multiple-hazard and preparedness. In FY2016, proposed federal funding for health security totaled approximately $13.7 billion. Of that total proposed for FY2016, 59% is allocated to multiple-hazard and preparedness programs, dedicated to building systems that can protect the country from a variety of threats to health. Radiological/nuclear programs would receive 19% of health security funds, which is higher than other threatfocused programs even when excluding programs focused on nation-state nonproliferation, missile defense, and US stockpile stewardship.
Biodefense programs are budgeted to receive 10% ($1.4 billion) of health security funds in FY2016, representing a decrease in funding from FY2015 of $304 million. Pandemic influenza and emerging infectious disease programs would receive 9% ($1.2 billion) of the health security budget in FY2016, an increase to this category of funding of $200 million. Programs dedicated to chemical incident prevention, preparedness, and response would receive 3% ($423 million) of the health security funding total, with a small reduction in funding of $4 million from FY2015.
Finally, in FY2015, Congress appropriated emergency funding for the international and domestic response to the Ebola epidemic originating in West Africa. Total emergency funding for Ebola in FY2015 was $5.5 billion.
